Previous reports from this laboratory have demonstrated that when a certain strain of Mycobacterium tuberculosis is cultured in Long's medium containing p-aminobenzoic acid (PABA), a yellow pigment is produced (Mayer, 1943, in press ). Chemical analysis suggests that the pigment is, or contains, an unstable oxidation product of PABA, possibly a hydroxylamine derivative. The addition of Fe, Mg, glucose, ascorbic acid or NaCN to the medium exerts a definite influence on the activity of the PABA oxidase apparently involved in the formation of this pigment. The age of the culture and the hydrogen ion concentration are factors which also play roles. The present paper describes the results of a study concerned with the effect of sulfanilamide upon this same reaction.
METHODS
Strain No. 607 of the American Type Culture of Mycobacterium tuberculosis var. hominis was employed in these experiments. The organisms were grown in 18 mm test tubes containing 10 ml of Long's synthetic medium at 37 C, under the following sets of conditions: (1) as control, and with the addition before sterilization, of varying concentrations of (2) sulfanilamide, (3) PABA, (4) PABA plus sulfanilamide, (5) procaine, and (6) procaine with sulfanilamide.
As described elsewhere in more detail, extent of bacterial growth was determined by weighing and measuring the length of the pellicle formed. Color intensity of the pigment was estimated by comparison against standards of talc suspensions colored with tartrazine.
RESULTS
A concentration of sulfanilamide of 1:1000 completely inhibited growth of the bacilli. Retarded and incomplete growth was observed when 1: 5000 of the drug was employed, whereas no visible bacteriostatic action occurred with sulfanilamide in dilutions of 1:10,000 or higher. When, however, the culture medium was supplemented with 1: 2000 to 1: 10,000 PABA, normal growth was obtained in presence of 1:500 sulfanilamide, and only an incomplete bacteriostatic effect was exerted by the latter in 1: 200 concentration.
The yellow pigment was produced regularly in the cultures containing PABA in concentrations of 1: 750 and 1: 5000. Sulfanilamide was capable in some cases of completely suppressing pigment formation in the tubes to which PABA had been added in dilutions of 1:2000 to 4000. On the other hand, a higher concentration of PABA, such as 1:1000, appreciably attenuated the inhibiting effect of sulfanilamide. Table 1 presents the results of tests upon growth of Mycobacterium tuberculosis and formation of pigment, and compares the effect of PABA alone in concentrations of 1:1000, 2000, 4000, 5000 and 10,000 with that of PABA (1:1000, 5000 and 10,000) in combination with sulfanilamide (1: 500 and 1000). As the data indicate, growth was only slightly retarded by 1:500 sulfanilamide, and Yellow pigment production, as contrasted with growth, was definitely diminished or completely inhibited by the presence of the same concentrations of sulfanilamide. The yellow color faded after 2 to 6 days, as compared to 10 to 14 days in the cultures without sulfanilamide.
SULFANILAMIDE AND MYCOBACTERIUM TUBERCULOSIS
As reported previously a yellow pigment forms also when procaine (p-aminobenzoyldiethylaminoethanol hydrochloride), instead of PABA, is added to a medium on which this strain of organisms is growing. Table 2 summarizes the effect of sulfanilamide upon this phenomenon. Whereas procaine alone, in concentrations ranging from 1:200 to 1:1000 yielded a bright colored yellow pigment, sulfanilamide completely checked pigment production in the tube containing 1:1000 procaine. A partial inhibitory action on the production of the pigment was exerted by sulfanilamide in tests with 1:500 and 1:300 procaine.
DISCUSSION
The diminution of suppression of the yellow pigment by sulfanilamide appearing in the presence of suitable quantities of PABA and procaine may be of a certain interest in view of the accepted relationship between PABA and sulfanilamide acting upon bacteria and plants. Lipmann (1941) demonstrated that peroxidase prepared from horseradish catalyzes the oxidation of PABA by H202 to a red colored substance and that this enzymatic reaction is inhibited by the addition of sulfanilamide. He believes that the mode of action of sulfanilamide in his experiment is one of direct poisoning of the enzyme, as others have described in work with other enzymes such as catalase (Shinn et al., 1940) or carbonic anhydrase (Mann and Keilin, 1940) . A similar mechanism may operate in the depressant action of sulfanilamide upon the yellow pigment formed by cultures containing PABA.
On the other hand, there may be a direct chemical reaction between sulfanilamide and PABA in its oxidized state. As earlier experiments suggested, the yellow pigment under discussion is an oxidation product of PABA, possibly a hydroxylamine. Moreover, evidence has been submitted that sulfanilamide also is transformed in the organism to a hydroxylamine, a type of substance that is readily converted into highly reactive compounds which c6mbine with each other or with unaltered amines (Mayer, 1930 (Mayer, , 1937 .
The oxidation of PABA and sulfanilamide in the cells appears to be catalyzed by the same or a related enzyme system. It can be assumed, therefore, that the chemical reaction between the yellow pigment and sulfanilamide or its oxidation product is facilitated in spite of the small amount of oxidation product formed.
The theory that sulfanilamide merely replaces PABA in competing for the enzyme does not adequately explain all the observations that have been made on the behavior of these two substances. This inactivation of the "essential metabolite" by a chemical reaction between sulfanilamide and PABA after their transformation in the body merits further investigation. 2. To explain this inhibitory effect, the hypothesis of a direct chemical reaction between the oxidation products of PABA and sulfanilamide is propounded and discussed.
